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(57) ABSTRACT 

The present invention relates to a method of multiplexing in 
a multiplexer a plurality of data streams to a single channel 
each of said data streams containing a plurality of fixed 



length data packets being serially transmitted from a source 
to a destination by way of the data stream and the channel, 
the method comprising: 

for each data stream, receiving a data packet at an input 
of a data stream; segmenting the data packet into 
segments; assigning a time label to the data packet, 
the time label containing data indicating an estimated 
arrival time for the packet at the multiplexer; trans- 
mitting the time label to the multiplexer at a first 
signal from the multiplexer; transmitting the seg- 
ments comprising the data packet to the channel at a 
second signal from the multiplexer; and storing the 
time label as a previously transmitted stream time 
label; and for the multiplexer, signalling a data 
stream to transmit a time label by sending the first 
signal; receiving a received time label from a data 
stream, the received time label being associated with 
the data stream transmitting the received time label; 
storing the received time label in a group of received 
time labels the group of time labels containing 
received time labels from other data streams; sorting 
the group of received time labels to determine a 
transmitting time label with an earliest estimated 
arrival time of the group; sending a second signal to 
the data stream associated with the transmitting time 
label to transmit the segments comprising a trans- 
mitting data packet to the channel, said transmitting 
data packet being a data packet assigned with the 
transmitting time label; storing the transmitting time 
label as a previously transmitted channel time label; 
and removing the transmitting time label from the 
group after the segments comprising the transmitting 
data packet have been transmitted. 
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METHOD AND A DEVICE FOR DETERMINING 
PACKET TRANSMISSION PRIORITY BETWEEN A 
PLURALITY OF DATA STREAMS 

[0001] The present invention relates to network data trans- 
mission arbitration methods and devices. Specifically the 
present invention relates to a method and a device for 
determining packet transmission priority between a plurality 
of data streams. 

[0002] The growth and explosion of Internet applications 
for which the Internet was not designed require the devel- 
opment of new protocols and methods which will give these 
new applications the level and quality of service they 
require. 

[0003] The quality of service is notably expressed in terms 
of transfer time for packets used by the applications, Obvi- 
ously, applications with heavy time constraints, such as 
Internet telephony and speech based Internet applications 
require bounded packet transfer times and, hence, a high 
quality of service. For other applications, transfer time is not 
as important as the integrity of the data during transfer. For 
these applications, such as data transfer applications, a high 
quality of service means minimal if not non-existent data 
loss or corruption. 

[0004] However, quality of service is not the only criteria 
by which the new protocols and methods are to be judged. 
The Internet must also be able to transfer ever increasing 
volumes of data at higher and higher transmission speeds. 

[0005] Currently, a number of solutions to the above 
problems are being explored. One of these is the so-called 
label switching method (or MPLS Multi Protocol Label 
Switching) which consists of adding a small sized label to 
each packet as the packet enters a network. This label is then 
used at the core of the network to forward the packet instead 
of the layer 3 header (corresponding to the layer 3 or 
network layer of the OSI Reference Model) normally used 
for packet processing. 

[0006] The addition of a label to a packet can be done 
based on different criteria. The addition can be done based 
on topological criteria such as one label for all packets with 
a similar destination. The addition can also be done based on 
service criteria, such as associating one label for packets 
carrying speech data and another label for packets carrying 
data for a mass data transfer. The addition of labels can also 
be done based on a combination of not only any of the above 
criteria but of others as well. The above essentially classifies 
data into specific streams — with streams being seen as a 
grouping of data packets with a specific characteristic. The 
simplicity of the label concept allows the isolation of 
services and the use of mechanisms for relaying high speed 
packets. 

[0007] The simplicity and flexibility of MPLS opens up a 
gamut of possibilities for those implementing the label 
concept. The added label can constitute an additional field in 
the IP (Internet Protocol) packets or the IP packets can be 
encapsulated in a layer 2 (data link layer as dictated by the 
OSI preference Model and can use any of the well known 
protocols such as Asynchronous Transfer Mode ATM or 
Frame Relay) whose Protocol Data Unit (PDU) header 
constitutes the label. If implementing the MPLS method on 
an ATM system, the label is the header of each cell trans- 
porting the packet segments resulting in multiplexing layer 



3 packets onto layer 2 virtual channels. Particularly in such 
an implementation, a method and a device are required for 
multiplexing packets on a virtual circuit. 

[0008] There have been some attempts at resolving the 
MPLS problem. Notably, there exists a method for selecting 
the packets to be sent according to the theoretical arrival 
times of the packets, the arrival times being calculated on the 
basis of a guaranteed minimum transmission speed. This 
method belongs to the so-called SCVSA (Self Clocked 
Virtual Scheduling Algorithm) family. 

[0009] However, the use of these techniques remains 
complicated and does not take advantage of possible inter- 
working with the target layer 2, here the ATM, in particular, 
the principles of multiplexing according to transmission 
speeds at octet level and the use of complex operations 
(multiplication, division etc.) to obtain the theoretical send- 
ing or receiving times of the packets according to their 
(variable) length. 

[0010] The present invention overcomes the above short- 
comings and takes advantage of the peculiarities of the ATM 
system. In the ATM case, since the cells are of fixed size, the 
specification alone of an intercell period is sufficient to 
define a transmission speed and to control it. It is therefore 
possible to take advantage of this characteristic to define the 
transmission speed of, a stream of packets segmented by an 
ATM adaptation layer by specifying an inter-segment 
period. The calculation of a theoretical sending or receiving 
time can then be performed by means of a simple addition/ 
accumulation of the inter-segment period at the time of the 
processing of each segment of a packet by the adaptation 
layer. Since the inter-segment period and inter-cell period 
are strictly equivalent, the transmission speed of an ATM 
connection supporting an aggregate of streams is the sum of 
the transmission speeds at the AAL (ATM Adaptation Layer) 
level of each stream. 

[0011] Different data streams are multiplexed on to a 
single virtual channel (VC) by segmenting and then queuing 
the data packets in each data stream and assigning a specific 
time label to each data packet. Each data stream therefore 
has a queue of data packets with the packet at the head or 
front of the queue being assigned a specific time label. The 
time label indicates a theoretical arrival time for the packet 
and is calculated by taking advantage of the uniformity of 
guaranteed minimum transmission speeds. For every seg- 
ment generated from a packet, a transmission inter-segment 
time is added to the theoretical arrival time initially having 
a value dependent on the previous theoretical arrival time. 
Once the final segment has been generated, the obtained 
theoretical arrival time is the theoretical arrival time for the 
whole packet. 

[0012] Once each data stream with data packets has had 
time labels assigned to their head of queue data packets, 
sorting determines which data packet has the earliest arrival 
time. When this data packet has been determined, it is the 
packet transmitted on the initial channel. 

[0013] In one embodiment, the present invention accom- 
plishes the above by providing a method of multiplexing in 
a segmentation and multiplexing device a plurality of data 
streams to a single channel serially, each of said data streams 
containing a plurality of data packets being transmitted from 
a source to a destination by way of the data stream and the 
channel, the method comprising: 
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[0014] a) receiving a data packet at an input of a data 
stream; 

[0015] b) segmenting the data packet into segments; 

[0016] c) assigning a time label to the data packet, the 
time label containing data indicating a first arrival 
time for the packet at the segmentation and multi- 
plexing device; 

[0017] d) transmitting the time label to the multi- 
plexer at a first signal from the multiplexer; 

[0018] e) transmitting the segments comprising the 
data packet to the channel at a second signal from the 
multiplexer; and 

[0019] f) storing the time label as a previously trans- 
mitted stream time label; 

[0020] for the multiplexer; 

[0021] aa) signalling a data stream to transmit a 
time label by sending the first signal; 

[0022] bb) receiving a received time label from a 
data stream, the received time label being associ- 
ated with the data stream transmitting the received 
time label; 

[0023] cc) storing the received time label in a 
group of received time labels the group of time 
labels containing received time labels from other 
data streams; 

[0024] dd) sorting the group of received time 
labels to determine a transmitting time label with 
an earliest estimated arrival time of the group; 

[0025] ee) sending a second signal to the data 
stream associated with the transmitting time label 
to transmit the segments comprising a transmitting 
data packet to the channel, said transmitting data 
packet being a data packet assigned with the 
transmitting time label; 

[0026] ft) storing the transmitting time label as a 
previously transmitted channel time label; and 

[0027] gg) removing the transmitting time label 
from the group after the segments comprising the 
transmitting data packet have been transmitted. 

[0028] In another embodiment, the present invention pro- 
vides a device for multiplexing a plurality of data streams 
onto a single channel, each of said data streams containing 
a plurality of data packets being transmitted to a destination, 
the device including: 

[0029] receiving means for receiving the data packets 
from the plurality of data streams; 

[0030] buffering memory means for each data stream 
for serially buffering received data packets; 

[0031] processor means for: 

[0032] a) measuring: 
a size of the segments; and 
a size of the packets; 



[0035] b) calculating and assigning a time label to 
each data packet, said time label containing data 
indicating an estimated arrival time for each 
packet at the multiplexing device; 

[0036] c) comparing time labels of data packets to 
determine a transmitting time label having an 
earliest estimated arrival tire of the data packets; 

[0037] d) segmenting each received data packet 
into segments: 

[0038] transmission means for transmitting to the 
single channel the segments comprising the data 
packet assigned the transmitting time label having 
the earliest estimated arrival time; 

[0039] gating means for controlling the transmission 
of data packets from the buffering memory means to 
the processing means; 

[0040] time label buffer memory means for storing 
time labels assigned to the data packets; and 

[0041] segment buffer memory means for tempo- 
rarily storing the segments; 

[0042] wherein 

[0043] the processor means is coupled to: 

[0044] the segment buffer memory means; 

[0045] the transmission means; 

[0046] the gating means; and 

[0047] the time label buffer memory means; 

[0048] the buffering memory means is coupled 
between the receive means and the gating means. 

[0049] In a further embodiment, the invention 

[0050] provides a method of determining transmis- 
sion priority 

[0051] for data packets between data streams, each 
data stream having a plurality of data packets for 
transmission to a destination, the method compris- 
ing: 

[0052] a) for each data stream: 

aa) serially arranging the data packets into a 
stream queue having a front; 

ab) assigning a time label to a data packet at the 
front of the stream queue, 

[0055] said time label containing data indicating an esti- 
mated arrival time for said data packet at a segmentation and 
multiplexing device; 

ac) associating the time label with the data stream which 
contains the data packet assigned to the said time label; 

[0057] b) determining which time label from the 
time labels assigned has an earliest estimated 
arrival time; 

[0058] c) giving transmission priority to the data 
stream associated with the time label having the 
earliest estimated arrival time, said transmission 
priority being for transmitting the data packet 
assigned to the time label having the earliest 
estimated arrival time. 
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[0059] In yet another embodiment, the invention provides 
a device for multiplexing a plurality of data streams onto a 
single channel, each of said data streams containing a 
plurality of data packets being transmitted to a destination, 
the device including: 

[0060] receiving means for: 

[0061] a) receiving and segmenting the data pack- 
ets into segments, said data packets being received 
from the plurality of data streams; 

[0062] b) measuring: 

a size of the segments; and 
a size of the packets; 

[0065] c) calculating and assigning a time label to 
each data packet, said time label containing data 
indicating an estimated arrival time for each 
packet at a destination; 

[0066] segment buffer memory means for tempo- 
rarily storing the segments; 

[0067] processor means for comparing time labels of 
data packets to determine a transmitting time label 
having an earliest estimated arrival time of the data 
packets; 

[0068] transmission means for transmitting to the 
single channel the segments comprising the data 
packet assigned the transmitting time label having 
the earliest estimated arrival time; 

[0069] gating means for controlling the transmission 
of data packets from the segment buffer memory 
means to the processing means; 

[0070] time label buffer memory means for storing 
time labels assigned to the data packets; and 

[0071] wherein 

[0072] the processor means is coupled to the trans- 
mission means; 

[0073] the gating means is coupled between the pro- 
cessing means and 

[0074] the segment buffer memory means and 

[0075] the time label buffer memory means; and 

[0076] the receiving means is coupled to the segment 
buffer memory means and the time label buffer 
memory means, 

[0077] A better understanding of the invention will be 
obtained by reading the description of the invention below, 
with reference to the following drawings, in which: 

[0078] FIG. 1 is a flowchart showing the general steps of 
the invention. 

[0079] FIG. 2 is a flowchart detailing the steps followed 
for each stream according to the invention. 

[0080] FIG. 3 is a flowchart detailing the steps followed 
by the multiplexer according to the invention. 

[0081] FIG. 4 is a block diagram detailing the intercon- 
nections between components necessary to carry out the 
invention. 



[0082] FIG. 5 is a block diagram detailing alternative 
interconnections between components necessary to carry out 
the invention. 

[0083] The operation of the invention can best be illus- 
trated by applying it to IP (Internet Protocol) streams. The 
ATM Virtual Channel (VC) in which each stream is multi- 
plexed is chosen according to switching information or 
transported service information originating from the use of 
signalling protocols such as those defined within the context 
of the MPLS architecture. 

[0084] Regarding the streams themselves, the start and 
end of a stream may be delimited explicitly by procedures 
specific to the transport protocols used. An example of such 
a procedure is the opening or closing of a TCP connection. 
Similarly, the start and end of a stream can also be implicitly 
delimited, such as by the detection of the start or end of an 
activity following the expiry of time-outs. Other means, 
such as using certain signalling protocols to establish the 
streams, may be used to indicate the start or end of a stream. 
One example of such a protocol is the so called SIP or 
Session Initiation Protocol, used by telephony applications 
on IP streams. 

[0085] To aid in understanding the following description, 
it should be noted that the following conditions are assumed 
for the network on which the invention is to be practiced. 

[0086] a) The IP packets are formatted using a type 5 
AAL (ATM Adaptation Layer). The SAR-PDU's 
(Segmentation and Reassembly/Protocol Data Units) 
are called segments. This means that the IP packets, 
to be used by the invention, must be divided into 
units called segments. It is these segment units that 
are used by the invention. 

[0087] b) The transmission speed of the Virtual 
Channel (VC) on which the streams will be multi- 
plexed, is constant or constant in negotiated steps. 
This constant is expressed in K vc cells per second. 
This results in an inter-cell period (time separating 
the transmission of two successive cells) of 




[0088] c) Each multiplexed stream, denoted by the 
identification i, has a guaranteed minimum transmis- 
sion speed § { expressed in segments per second. Each 
stream has a corresponding inter-segment period 
(time separating the transmission of two successive 
cells) of 



Pi 



[0089] This transmission speed is assigned upon detec- 
tion of the start of a steam either arbitrarily or is extracted 
from a signalling protocol used to signify a start of a stream. 
This transmission speed should verify 
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[0090] meaning that the sum of all the transmission 
speeds of all the streams is, at most, equal to the 
transmission speed of the virtual channel (VC). 

[0091] To avoid confusion, it should be noted that the VC 
is an ATM VC and, since ATM uses cells as its unit for 
transporting data, the VC speed is in cells/sec. Thus, the IP 
packets will have to be divided into segments so that they 
can be used by the invention. 

[0092] It should also be noted that Equation 1 can be used 
as a basis for a preliminary admission control procedure for 
the streams with 4> £ or can be used as a parameter for 
renegotiating the value of \ wo when accepting a new stream. 

[0093] To multiplex the streams on to a single virtual 
channel, separate steps must be executed for the multiplexer 
and the streams. 

[0094] FIG. 1 illustrates a flowchart setting out the dif- 
ferent sets of steps to be takes for each stream and for the 
multiplexer. Of the eight general steps, half relate to the 
multiplexer and half to the streams. 

[0095] To begin, the packets which make up a stream must 
first be queued and divided into segments (step 10). A time 
label is then assigned to each of the segmented packets in the 
stream queue (step 20). This time label represents that 
packet's theoretical arrival time at the segmentation and 
multiplexing device or multiplexer. 

[0096] The assigned time label of the packet at the head of 
the stream queue is then transmitted to the multiplexer (step 
30) and stored with a group of time labels from other 
streams, preferably in a priority queue (step 40). This group 
of time labels is then sorted (step 50) to determine which 
time label in the group has the earliest estimated arrival time, 
such a time label represents the data packet which must be 
given transmission priority on the virtual channel. 

[0097] After determining the time label with the earliest 
arrival time, the multiplexer then signals the stream from 
which the time label with the earliest arrival time originated 
(step 60). This signal gives that stream priority to transmit 
the packet associated with that time label (step 70). After the 
transmission, the multiplexer then removes that time label 
from the group of other time labels (step 80). The process 
then repeats itself from step 30 with the multiplexer receiv- 
ing a new time label from the stream which last transmitted 
a data packet on the virtual channel. 

[0098] To further clarify the steps outlined above, FIG. 2 
details the steps taken for each stream. By way of an 
example, the stream to be examined will be designated as 
stream A. 

[0099] First of all, a decision (step 90) must be made as to 
whether a packet corresponding to stream A is ready to be 
received. If there is a packet to be received, it is received 
(step 100) and then divided into segments (step 110). These 
segments are then stored and referenced through a segment 
list. The packet received and segmented is stored in a FIFO 
(first in, first out) queue with other previously received data 



packets awaiting transmission on the virtual channel (step 
120). Each data packet received is assigned a time label, the 
time label indicating an estimated arrival time for that packet 
at the multiplexer (step 130). 

[0100] Since the packets are stored in a FIFO stream 
queue, with a separate stream queue for each data stream, the 
packets at the head of the stream queue are those that arrived 
earliest at their streams. The time labels of these data 
packets, called front data packet as they are at the front of 
their respective queues, are sent to or stored in another queue 
maintained by the multiplexer — the priority queue (step 
140). 

[0101] At this point in the process, the multiplexer gains 
control. Of course, further packets can continuously be 
received, segmented, and queued for each data stream, as 
long as there are resources, such as stream queue slots and 
spots in the segment list, available for the incoming packets. 

[0102] Eventually, the multiplexer will signal stream A 
that stream A's front data packet can be transmitted on the 
virtual channel. Once this signal from the multiplexer is 
received, stream A sends the segments corresponding to the 
front data packet to the virtual channel, (step 150) 

[0103] After transmitting the segments of the front data 
packet, stream A stores the time label of the previously 
transmitted packet, formerly the front data packet, as a 
previously transmitted stream time label for later possible 
use. It should be noted that after the front data packet is 
transmitted, it is superseded by the next data packet in the 
stream queue. 

[0104] The assignment of time labels to data packets is 
critical to the above process and is dependent on the time 
label of the immediately preceding packet. A running total of 
the estimated arrival time for each packet is used as each 
segment from that packet is generated. For clarity, the 
following variables are defined: 

[0105] PAT 1111 — time label of the packet at the head 
of the priority queue 

[0106] PAT k i— Packet Arrival Time for the kth packet 
in stream i assigned as the time label for packet k of 
stream i) 

[0107] SAT^— Segment Arrival Time for the 1th 
segment in the kth packet of stream i. The kth packet 
is composed of n segments with n>l =0. 

[0108] Ti — previously defined above as the inter- 
segment time for stream i. 

[0109] From the above, the following relationships can be 
formulated: 

[0110] This means that the estimated arrival time for the 
first segment of packet k is equal to the arrival time of the 
immediately preceding packet added to the inter-segment 
time for the data stream. The estimated arrival time of each 
succeeding segment is equal to the estimated arrival time of 
the immediately preceding segment added to the inter- 
segment time for the data stream. Thus, once all the seg- 
ments comprising a packet have been generated, the final 
value of SAT*'" is the estimated arrival time of the packet. 
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However, this estimated arrival time is not necessarily 
assigned as the time label of that packet. The assigned time 
label for packet k of stream i is 



PAlf =max{5/47f*\ PATmin) t 2 l 



[0111] if the priority queue is not empty. 

[0112] If the priority queue is empty, the time label for the 
packet k is determined by 

PAlf =max{5/l7?^,PA7^ n } t 3 l 



[0113] where PAT^" 1 is the time label of the last packet 
sent through the virtual channel. (PAT^ -1 is stored by the 
multiplexer after every transmission). 

[0114] It should be reiterated that the priority queue is the 
queue of time labels of front data packets from all the 
streams with available front data packets. 

[0115] From the above, the assigned time label of a data 
packet is, if the priority queue is not empty, the later of the 
estimated arrival time of the data packet and the time label 
at the head of the priority queue. If the priority queue is 
empty, the time label assigned is the later of the estimated 
arrival time and the time label of the last data packet sent on 
the virtual channel. 

[0116] Regarding the multiplexer and its role in the pro- 
cess, FIG. 3 enumerates these steps. For clarity, stream A 
will again be used as an example when needed. 

[0117] The multiplexer's role in the process begins by 
sending a signal to stream A to transmit the time label of the 
front data packet (step 170). It should be noted that this is 
done only if stream A is not represented in the priority queue 
maintained by the multiplexer. 

[0118] The next step (step 180) consists of the multiplexer 
receiving the time label from stream A. This received time 
label from stream A is stored in the priority queue. The 
priority queue, as noted above, contains other received time 
labels of front data packets from other streams. 

[0119] The next step in the process is for the multiplexer 
to sort the priority queue to determine which time label in 
the priority queue has the earliest arrival time (step 190). 
This time label with the earliest arrival time; now the 
transmitting time label, represents the next data packet to be 
sent on the virtual channel. 

[0120] Once the priority queue is sorted, with the trans- 
mitting time label at the head of the priority queue, the 
multiplexer signals the data stream associated with the 
transmitting time label to start transmitting its front data 
packet on the virtual channel. The data stream signaled will 
transmit the segments comprising its front data packet on the 
virtual channel. This corresponds to step 150 in FIG. 2. 

[0121] After the signaled data stream has transmitted its 
front data packet, the multiplexer stores the transmitting 
time label for possible future use. One such use arises when 
the priority queue is empty and a time label has to be 



assigned to a data packet in a stream. This aspect of the 
process has been described above. Once the transmitting 
time label is stored, it overwrites the immediately preceding 
transmitting time label, (step 210) Only after this point can 
the transmitting time label be removed from the priority 
queue (step 220). 

[0122] Once the transmitting time label is removed from 
the priority queue, the process for the multiplexer starts over. 
Since the data stream which just transmitted its front data 
packet is no longer represented in the priority queue, this 
data stream is queried by the multiplexer for the time label 
of the new front data packet. 

[0123] The priority queue repeatedly referred to above has 
the unique characteristic of having, at most, only one time 
label from each data stream. This is because the priority 
queue only contains the time labels of front data packets and, 
since a data stream only has a single stream queue with a 
single front, each data stream can only be represented once 
in the priority queue. To maintain this characteristic, a time 
label in the priority queue is removed after the front data 
packet assigned that time label is transmitted on the virtual 
channel. After such a transmission, the multiplexer queries 
the stream which was the origin of the transmitted data 
packet. This query is by way of signaling this particular data 
stream to replace its representative in the priority queue. 
However, this is not to say that each and every data stream 
has to have a representative time label in the priority queue 
at every moment in time. If a data stream is inactive and 
hence does not have any data packets in its stream queue, 
such a data stream will not be represented in the priority 
queue. 

[0124] To implement the priority queue, it is preferred to 
use a data structure which facilitates ease of sorting and 
addition and subtraction of elements in the queue. A binary 
sort tree can be used for the priority queue with the tree's 
nodes as the different time label of the front data packets of 
the different data streams. Such a tree can be constructed and 
maintained in the same manner as the heap used in the heap 
sort type of sorting processes. This structure is well known 
in the field. See, for example, DATA STRUCTURES AND 
ALGORITHMS by Aho, Hopcroft and Ullman, 1983, Addi- 
son-Wesley, pp. 135-145 and pp 271-274. 

[0125] Regarding the comparison between time labels in 
the priority queue that the multiplexer must accomplish, an 
arithmetic problem may arise. 

[0126] There remains the arithmetic problem related to 
comparisons of the time labels in the priority queue. 

[0127] This contains only one time label per stream (see 
multiplexing principle). The time gap between two labels 
must be such that a comparison of their two values is always 
possible. In the case of an unsigned binary representation, 
the following condition must be verified by two values to be 
compared, V a and V 2 , coded in n bits IVi-Vj^" -1 . 

[0128] The method of calculating the time labels makes it 
possible to determine the maximum time gap between two 
labels of an active stream, an active stream being a stream 
for which a label is present at any instant in the priority 
queue; this maximum gap verifies: 



06/04/2004, EAST VprcHnn- 1 4 1 



US 2001/0007570 Al Jul. 12, 2001 



PA7? +1 - PA 7? * MPSxTom 

[0129] where MPS (Maximuiro Packet Size) is the 
maximum size of a packet expressed in cells/seg- 
ments and T max is the period corresponding to the 
lowest guaranteed minimum transmission speed 
which can be allocated to a stream. 

[0130] In this relationship, PAT* is the label of the last 
packet sent of stream i and PAT^"*" 1 is the label of the 
following packet, injected into the priority queue. 

[0131] When the packet k is sent, the following is true: 

PAT^PAT^ 1 

[0132] and, afortiori, the relationship: 

PAT^PAT^ 1 

[0133] is always verified (PAT^ 1 and PAT^ 1 * 1 being 
two successive values of the head of the priority queue). 

[0134] This therefore gives: 

PAT^-PAT^ 1 ZMPSxT m „ 

[0135] Finally, in the worst case where: 

PAT m ^ x ~PAT { \ 

[0136] corresponding to the case where the label of the 
next packet to be sent, to whichever stream this packet 
belongs, is equal to that of the last packet sent belonging to 
stream i. 

[0137] If, furthermore, the packet k+1 is of size MPS and 
stream i has a period Tj^, the following can be true: 

PAT** 1 -TPAf^ = MPSxTnn 

[0138] For unsigned values coded in n bits, T max and MPS 
must then verify: 

MPSxT nw <2 n ~ l . 

[0139] In a corresponding manner, when a stream is 
inactive, that is when there is no time label corresponding to 
this stream in the priority queue, the label of the last packet 
sent, PAT^, can "age" in such a way that, upon reception of 
a new packet originating from the same stream, the value of 
its label, PAT^"" 1 , calculated from that of the last packet sent, 
can no longer be compared with the current value of the head 
of the priority queue, PAT mln . It is therefore necessary to 
introduce a mechanism for "lapsing" the labels of inactive 
streams making it possible to detect the "ageing" of the label 
of the last packet sent. So that PAT^ 1 and PAT min can be 
compared, they must verify: 

\PAlf+ l -PAT aiji \<2 n - 1 
that is: 



-continued 

| PA 7? + PY l - PA 7^1 < 2"" 1 W 
where P\ + 1 is the time length of the packet k + 1 with 
1 *Pf +1 sMPSxT^ 
Furthermore PAT^ i PA 7? 



Two extreme cases can then arise: 
If PAT? = PA 7^ and Pf +1 = MPSxT^ 
then the conditions described for an active stream are encountered, that is: 
MPSxT a „<2»~ 1 
If PAT? «PAT min and P\ +l = 1, 
condition [3] can then be written: 
PAT^-PATf <2 R - 1 + i 

[0140] fixing the maximum time gap between the 
head of the priority queue and the label of the last 
packet sent of stream i. 

[0141] When this last condition is not verified, the label is 
marked as being lapsed. The following received packet of 
the stream is then routinely assigned a time label equal to 
that situated at the head of the priority queue at the end of 
its segmentation. 

[0142] If the priority queue becomes empty, scanning is 
stopped. Calculation of the labels of packets received sub- 
sequently is performed according to [3], 

[0143] At their initialization, all the streams are marked as 
being lapsed so as to initialize the calculation of their time 
labels. 

[0144] The label lapsing mechanism can be implemented 
as follows. 

[0145] Each cell time, the lapsing process processes a 
different stream (as the m multiplexed streams are identified 
by an integer index between 0 and m-1, a modulo m cyclic 
counter, incremented each cell time, can be used to select the 
stream to be processed). If the stream is active (it has a label 
in the priority queue) no action is undertaken. If the stream 
is inactive, the value of the label of the last packet sent is 
compared with the value of the label at the head of the 
priority queue and the stream is marked in accordance with 
the criterion described above. 

[0146] The stream scanning cycle therefore lasts m cell 
times. During this time interval, the head of the priority 
queue may be occupied by different labels of equal or 
increasing values. 

[0147] The maximum variation of these values is T max per 
cell time, that is, over the duration of one stream scanning 
cycle: (m-l)xT max . 

[0148] Consequently, in the worst case, the same stream 
may be scanned, during two consecutive scanning cycles, 
with values of PAT min which are mxT apart. These values 
are denoted as PAr min k and PAT min \ TTiese two are the 
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values of the head of the priority queue at the time of two 
successive scanning passes of stream i. So that PAT min 1 and 
RAT/ remain able to be compared, they must verify: 

lmr min I -iMr i k |<2 n - 1 ) [5] 

[0149] and, in particular, if, at the time of the first scanning 
cycle, the time label for packet k was equal to the time label 
at the head of the priority queue, the following were true: 

PAT^PAT^, 

[0150] [5] can then be written. 

[0151] leading to the following condition on T ma3C and m: 

mxTtnax<2 n ~ 1 

[0152] The invention can be implemented by a person 
skilled in the art using a combination of properly connected 
well-known devices. The multiplexer, because of the pro- 
cessing it has to perform, can be either a general purpose 
central processing unit (CPU) coupled to suitable memory 
means or a specialized processing unit. The memory means 
can be any form of short term memory such as RAM and 
will serve as the buffer memory for the segments of the 
packets and for the time labels which must periodically by 
stored. The gating between the data streams and the multi- 
plexer can be implemented by a person skilled in the art as 
any suitable switching means. Obviously, the processor 
means or the multiplexer must be coupled to the memory, 
the gating means, and the transmission means used for 
transmitting the packet segments to the virtual channel. 

[0153] FIG. 4 illustrates an example of the interconnec- 
tions required to carry out the above invention. The receive 
means 230 receives the data packets from the outside world 
and sends these data packets to the buffering memory means 
240. This buffering memory means 240 buffers the data 
packets before the data packets are sent on to the processing 
means 250 where all the processing, decision making, and 
segmenting is carried out. Before the data packets reach the 
processing means 250, they go through the gating means 260 
which determines when it is safe and allowable to send more 
data packets to the processing means 250. The processing 
means 250 then receives the data packet and segments, 
assigns a time label, and buffers both the segments and time 
label assigned to the data packet. The time label is sent to the 
time label buffer memory means 270 where the time label is 
properly categorized and queued into its proper stream 
queue. The segments are sent to a segment buffer memory 
means 280 where they are also categorized into their proper 
stream queues. The time label and the segments which 
correspond to a specific data packet are cross-referenced so 
that they are all identified only with the specific data packet. 

[0154] The processing means 250 also maintains the pri- 
ority queue 290 either in the time label buffering means 270 
or within its own memory. Once the processing means 250 
determines that a data packet is to be sent to the transmission 
means 300, a signal is sent to the appropriate segment buffer 
memory means and the relevant segments are transmitted to 
the virtual channel. 

[0155] An alternative scheme to the above is shown in 
FIG. 5. In this configuration, the processing tasks are split 
between the receiving means 230 and the processing means 
250. The receive means 230 not only receives the data 
packets from the outside but also segments, assigns time 



labels, and queues them in the appropriate stream queue. The 
stream queue is implemented as a stream buffer means 310 
which includes within it the time label buffer memory means 
270 and segment memory buffer means 280. The gating 
means 260 still acts as a gatekeeper for the processing means 
250, determining when and what should be sent to the 
processing means 250 based on input from the processing 
means 250, The processing means 250 again maintains the 
priority queue 290 within its memory. The transmission 
means 300 is coupled between the virtual channel VC and 
the processing means 250 with the processing means 250 
determining which data packets are sent to the transmission 
means 300. 

[0156] A person understanding this invention may now 
conceive of alternative structures and embodiments or varia- 
tions of the above. All of those which fall within the scope 
of the claims appended hereto are considered to be part of 
the present invention. 

1. Method of multiplexing in a multiplexer a plurality of 
data streams to a single channel each of said data streams 
containing a plurality of fixed length data packets being 
serially transmitted from a source to a destination by way of 
the data stream and the channel, the method comprising: 

for each data stream: 

a) receiving a data packet at an input of a data stream; 

b) segmenting the data packet into segments; 

c) assigning a time label to the data packet, the time 
label containing data indicating an estimated arrival 
time for the packet at the multiplexer; 

d) transmitting the time label to the multiplexer at a first 
signal from the multiplexer; 

e) transmitting the segments comprising the data packet 
to the channel at a second signal from the multi- 
plexer; and 

f) storing the time label as a previously transmitted 
stream time label; 

for the multiplexer: 

aa) signalling a data stream to transmit a time label 
by sending the first signal; 

bb) receiving a received time label from a data 
stream, the received time label being associated 
with the data stream transmitting the received time 
label; 

cc) storing the received time label in a group of 
received time labels the group of time labels 
containing received time labels from other data 
streams; 

dd) sorting the group of received time labels to 
determine a transmitting time label with an earliest 
estimated arrival time of the group; 

ee) sending a second signal to the data stream 
associated with the transmitting time label to 
transmit the segments comprising a transmitting 
data packet to the channel, said transmitting data 
packet being a data packet assigned with the 
transmitting time label; 
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ff) storing the transmitting time label as a previously 
transmitted channel time label; and 

gg) removing the transmitting time label from the 
group after the segments comprising the transmit- 
ting data packet have been transmitted. 

2. Method as claimed in claim 1 wherein step c) further 
includes: 

cl) storing the data packet in a FIFO (first in, first out) 
stream queue, the stream queue having a front end and 
containing previously received data packets, the stream 
queue also having a front data packet being a data 
packet at the front of the stream queue; 

c2) calculating the estimated arrival time for the data 
packet at the destination of the data packet 

c3) choosing the time label for the data packet based on 
a condition chosen from the group comprising: 

if the group is not empty, the later of: 

c31) the estimated arrival time of the data packet; 
and 

c32) the time label of the packet currently transmit- 
ted; if the group is empty, the later of: 
c3a) the estimated arrival time of the data packet 
and 

c3b) the previously transmitted channel time label. 

3. Method as claimed in claim 2 wherein step c2) further 
includes calculating the estimated arrival time for the data 
packet at the multiplexer of the data packet by cumulatively 
adding for every segment produced from the data packet a 
predetermined minimum inter-segment time to a segment 
time counter, the segment time counter initially having a 
value equal to the estimated arrival time for the previous 
data packet, the previous data packet being 

a previously received data packet and 

received by the data stream immediately preceding the 
data packet. 

4. Method as claimed if claim 1 wherein step b) further 
includes serially storing the data packet segments in a 
segment list. 

5. Method as claimed in claim 1 wherein step cc) includes 
storing the group in a priority queue. 

6. Method as claimed in claim 5 wherein in the priority 
queue has a binary sort tree structure. 

7. Method as claimed in claim 6 wherein the priority 
queue is stored in an array. 

8. Method as claimed in claim 1 wherein step dd) further 
includes comparing the received time labels to determine the 
transmitting time label. 

9. Method as claimed in claim 8 wherein, if a time gap 
between the transmitting time label and the previously 
transmitted stream time label of a lapsed data stream is 
greater than a predetermined value, a next data packet from 
that lapsed data stream is assigned a time label equal to the 
transmitting time label in use when the next data packet is 
segmented. 

10. Device for multiplexing a plurality of data streams 
onto a single channel, each of said data streams containing 
a plurality of data packets being transmitted to a destination, 
the device including: 



receiving means for receiving the data packets from the 
plurality of data streams; 

buffering memory means for each data stream for serially 
buffering received data packets; 

processor means for: 

a) measuring: 

a size of the segments; and 
a size of the packets; 

b) calculating and assigning a time label to each data 
packet, said time label containing data indicating an 
estimated arrival time for each packet at the multi- 
plexing device; 

c) comparing time labels of data packets to determine 
a transmitting time label having an earliest estimated 
arrival time of the data packets; 

d) segmenting each received data packet into segments; 

transmission means for transmitting to the single channel 
the segments comprising the data packet assigned the 
transmitting time label having the earliest estimated 
arrival time; 

gating means for controlling the transmission of data 
packets from the buffering memory means to the pro- 
cessing means; 

time label buffer memory means for storing time labels 
assigned to the data packets; and 

segment buffer memory means for temporarily storing the 
segments; 

wherein 

the processor means is coupled to: 
the segment buffer memory means; 
the transmission means; 
the gating means; and 
the time label buffer memory means; 

the buffering memory means is coupled between the 
receive means and the gating means. 

U. Method of determining transmission priority for data 
packets between data streams, each data stream having a 
plurality of data packets for transmission to a destination, the 
method comprising: 

a) for each data stream: 

aa) serially arranging the data packets into a stream 
queue having a front; 

ab) assigning a time label to each data packet, said time 
label containing data indicating an estimated arrival 
time for said data packet at a segmentation and 
multiplexing device; 

ac) sending the time label of a front data packet to a 
priority queue containing other time labels of other 
front data packets, a front data packet being the data 
packet at the front of a stream queue, 
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ad) associating the time label of the front data packet 
with the data stream which contains the front data 
packet assigned to the said time label; 

b) determining which time label in the priority queue has 
an earliest estimated arrival time; 

c) giving transmission priority to the data stream associ- 
ated with the time label having the earliest estimated 
arrival time, said transmission priority being for trans- 
mitting the front data packet assigned to the time label 
having the earliest estimated arrival time. 

12. Device for multiplexing a plurality of data streams 
onto a single channel, each of said data streams containing 
a plurality of data packets being transmitted to a destination, 
the device including: 

receiving means for: 

a) receiving and segmenting the data packets into 
segments, said data packets being received from the 
plurality of data streams; 

b) measuring: 

a size of the segments; and 
a size of the packets; 

c) calculating and assigning a time label to each data 
packet, said time label containing data indicating an 
estimated arrival time for each packet at the device; 

segment buffer memory means for temporarily storing the 
segments; 



processor means for comparing time labels of data pack- 
ets to determine a transmitting time label having an 
earliest estimated arrival time of the data packets; 

transmission means for transmitting to the single channel 
the segments comprising the data packet assigned the 
transmitting time label having the earliest estimated 
arrival time; 

gating means for controlling the transmission of data 
packets from the segment buffer memory means to the 
processing means; 

time label buffer memory means for storing time labels 
assigned to the data packets; and 

wherein 

the processor means is coupled to the transmission means; 

the gating means is coupled between the processing 
means and 

the segment buffer memory means and 

the time label buffer memory means; and 

the receiving means is coupled to the segment buffer 
memory means and the time label buffer memory 
means. 

* * * * * 
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